
BEST AVAILABLE COPY 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

(Attorney Docket No. 01-660) 



In re the Application of: 



Filed: 
For: 



Mohammad S. Nasir and 
Michael E. Jolley 



Serial No.: 09/905,452 



July 13, 2001 

Fluorescence Polarization-Based 
Homogeneous Assay for Aflatoxins 



Group Art Unit: 1641 
Examiner: Deborah A. Davis 



APPEAL BRIEF 



Richard A. Machonkin 
MCDONNELL BOEHNEN 
HULBERT & BERGHOFF LLP 

02/03/2006 HAHiOl 00000007 09905452 300 South Wacker Drive 

01 FC:2402 250.00 OP Chicago, Illinois 60606 

(312) 913-0001 



Table of Contents 



Table of Contents i 

I. Real Party in Interest 1 

II. Related Appeals and Interferences 1 

HI. Status of Claims 1 

IV. Status of Amendments 1 

V. Summary of Claimed Subject Matter 1 



VI. Grounds of Rejection to be Reviewed on Appeal 2 

VII. Argument 3 

A. The Examiner Erred in Rejecting Claims 1-4, 8, and 1 1-18 as Being Obvious over a 
Combination of Dixon and Nasir 3 

1 . Neither Dixon nor Nasir teach or suggest a tracer comprising an aflatoxin oxime 
conjugated to a fluorophore 3 

a. Dixon teaches conjugating an aflatoxin oxime to a protein, not to a fluorophore 4 

b. Nasir teaches away from an aflatoxin oxime conjugated to a fluorophore 6 

2. The prior art does not teach a tracer, comprising an aflatoxin oxime conjugated to a 
fluorophore, being able to bind to an antibody specific for aflatoxin to produce a detectable 
change in fluorescence polarization 7 

B. The Examiner Erred in Rejecting Claims 5-7 as Being Obvious Over a Combination of 
Dixon, Nasir and Michel 10 

C. The Examiner Erred in Rejecting Claims 9-10 as Being Obvious Over a Combination of 
Dixon, Nasir and McMahon 10 

D. Conclusion 1 1 

VIE. CLAIMS APPENDIX 12 

IX. EVIDENCE APPENDIX A 

X. RELATED PROCEEDINGS APPENDIX B 



MCDONNELL BOEHNEN 
HULBERT & BERGHOFF LLP 
300 SOUTH WACKER DRIVE 
CHICAGO, ILLINOIS 60606 
TELEPHONE (312) 913-0001 



V 



I. Real Party in Interest 

The real party in interest is Diachemix LLC, to which this invention is assigned. 

II. Related Appeals and Interferences 

Applicant is not aware of any related appeals or interferences. 

III. Status of Claims 

Claims 1-18 are pending and stand rejected. The rejection of claims 1-18 is being 
appealed. A clean set of the pending claims is attached in the Claims Appendix beginning at 
page 12. 

IV. Status of Amendments 

No amendments were filed subsequent to the final rejection mailed August 24, 2005. 

V. Summary of Claimed Subject Matter 

Of claims 1-18, claims 1 and 11 are independent. Claims 2-10 are dependent on claim 1, 
and claims 12-18 are dependent on claim 11. 

Claim 1 is directed to a homogeneous assay for the determination of aflatoxins in 
agricultural products. The method recited in claim 1 comprises the steps of: (i) extracting 
aflatoxin from a sample to provide an extract {see Specification, p. 10, lines 9-14); (ii) combining 
said extract with a tracer and an antibody to provide a mixture {see Specification, p. 10, lines 15- 
20), said tracer comprising an aflatoxin oxime conjugated to a fluorophore, said tracer being able 
to bind to said antibody to produce a detectable change in fluorescence polarization {see 
Specification, p. 6, line 15 - p. 8, line 13); (iii) measuring the fluorescence polarization of said 
mixture to obtain a measured fluorescence polarization {see Specification, p. 10, lines 20-21); 
and (iv) comparing said measured fluorescence polarization with a characterized fluorescence 
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polarization value, said characterized fluorescence polarization value corresponding to a known 
aflatoxin concentration (see Specification, p. 10, line 22 - p. 11, line 10). 

Claim 1 1 is directed to an assay kit for the determination of aflatoxins in agricultural 
products in a homogeneous assay. The assay kit comprises an antibody and a tracer, each in an 
amount suitable for at least one assay, and suitable packaging, said tracer comprising an aflatoxin 
oxime conjugated to a fluorophore, said tracer being able to bind to said antibody to produce a 
detectable change in fluorescence polarization in a homogeneous assay (see Specification, p. 14, 
line 12 -p. 15, line 21). 

VI. Grounds of Rejection to be Reviewed on Appeal 

Claims 1-4, 8, and 11-18 stand rejected under 35 U.S. C. § 103 as being allegedly obvious 
over a combination of Dixon et al., U.S. Patent No. 4,835,100 ("Dixon") and Nasir et al., 
"Fluorescence Polarization: An analytical Tool for Immunoassay and Drug Discovery, 
Combinatorial Chemistry & High Throughput Screening, 1999, vol. 2, pp. 177-190 ("Nasir"). 
Claims 5-7 stand rejected under 35 U.S.C. § 103 as being allegedly obvious over a combination 
of Dixon, Nasir, and Michel et al., U.S. Patent No. 5,741,654 ("Michel"). Claims 9 and 10 stand 
rejected under 35 U.S.C. § 103 as being allegedly obvious over a combination of Dixon, Nasir, 
and McMahon et al., U.S. Patent No. 5,166,078 ("McMahon"). 
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VII. Argument 

A. The Examiner Erred in Rejecting Claims 1-4, 8, and 11-18 as Being Obvious 
over a Combination of Dixon and Nasir 

The 35 U.S.C. § 103(a) rejections of the independent claims are improper, because the 

Examiner has failed to establish a prima facie case of obviousness of these claims over a 

combination of Dixon and Nasir. In order to establish a prima facie case of obviousness over a 

combination of references, the combination must teach or suggest all of the claim limitations. 

M.P.E.P. § 2143.03; In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974). In this case, 

however, even if Dixon and Nair were to be combined together, the resulting combination still 

fails to teach or suggest all of the limitations recited in claims 1-4, 8, and 11-18. In particular, 

the Dixon/Nasir combination fails to teach or suggest either of the following: 

• a "tracer comprising an aflatoxin oxime conjugated to a fluorophore," as recited 
in independent claims 1 and 1 1 ; and 

• "said tracer being able to bind to said antibody to produce a detectable change in 
fluorescence polarization," as recited in claims 1 and 11. 

Because the Examiner has failed to establish even a prima facie case of obviousness, the 

Examiner has erred as a matter of law. 

1. Neither Dixon nor Nasir teach or suggest a tracer comprising an 
aflatoxin oxime conjugated to a fluorophore 

Independent claims 1 and 11 both recite a "tracer comprising an aflatoxin oxime 

conjugated to a fluorophore." However, neither Dixon nor Nasir teach or suggest such a tracer. 

As set forth below, Dixon actually teaches a tracer comprising an aflatoxin oxime conjugated to a 

protein, not a fluorophore. In addition, Nasir does not specifically refer to aflatoxin at all. 
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Moreover, to the extent that Nasir teaches or suggests anything about aflatoxins, it would be to 

conjugate aflatoxin itself, rather than aflatoxin oxime, to a fluorophore. Therefore, Nasir actually 

teaches away from a tracer comprising an aflatoxin oxime conjugated to a fluorophore. 

Because neither reference in the Examiner's combination teaches or suggests an aflatoxin 

oxime conjugated to fluorophore, the Examiner has clearly erred in rejecting the pending claims. 

a. Dixon teaches conjugating an aflatoxin oxime to a protein, not 
to a fluorophore 

The Examiner has argued that Dixon teaches aflatoxins conjugated to a "label," and that 
the aflatoxin is converted to an oxime for labeling. See Final Office Action, pp. 2, 6-7. 
However, the "labels" in Dixon are proteins, not fluorophores. 

In particular, Dixon refers to aflatoxin being conjugated to bovine serum albumin (BSA) 
for use as an immunogen (col 4, lines 62-64), to ovalbumin (OA) for use as a solid phase antigen 
in competitive indirect ELISA (col. 4, lines 64-66), and to horseradish peroxidise (HRP) for use 
in competitive direct ELISA (col 6, lines 34-37). However, of these, only the HRP is truly a 
label. The BSA is used to generate antibodies, not as a label in an assay (col. 5, lines 16-26). 
The OA is used in an ELISA assay, but the actual label in the ELISA assay is horseradish 
peroxidise (HRP). The HRP acts on a substrate (ABTS) to yield a change in absorbance at 405 
nm (col. 5, lines 48-60). Thus, the only labelled aflatoxin in Dixon is the "aflatoxin B r HRP 
conjugate," which acts on the ABTS substrate in an ELISA assay (col. 6, lines 34-44). 

Dixon does not state explicitly how the aflatoxin Bi-HRP conjugate is prepared. 
However, assuming that this conjugate is prepared by converting the aflatoxin to aflatoxin oxime, 
as Dixon describes for BSA and OA labelling, the fact remains that the HRP enzyme label is 
chemically and functionally very different from a fluorophore label. As noted above, the HRP 
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functions as a label by acting on a substrate (ABTS) in order to make the results of the assay 
visible (e.g., by measuring absorbance at 405 nm). In contrast, fluorophores do not function as 
labels by acting on substrates; rather, fluorophores emit photons of light when they are excited 
with photons of suitable energy (Nasir, p. 178). In addition, the aflatoxin BpHRP conjugate is 
used in a heterogeneous assay, namely, a solid-phase ELISA assay (col. 6, lines 23-44). In 
contrast, the fluorophore of claims 1 and 1 1 is used in a homogenous assay. These differences 
between the HRP label in Dixon and the claimed fluorophore establish that Dixon does not teach 
or suggest a "tracer comprising an aflatoxin oxime conjugated to a fluorophore," as recited in 
claim 1 and 1 1 . 

Furthermore, the Nasir reference in the Examiner's Dixon/Nasir combination does not 

make up for this deficiency in Dixon. Although Nasir discusses the use of fluorophores in 

fluorescence polarization assays, replacing the HRP label in Dixon with a fluorophore would 

change the principle of operation set forth in Dixon. As noted above, HRP labels and 

fluorophores function in very different ways (an HRP label acts on a substrate, whereas a 

fluorophore does not), and Dixon's HRP label is used in a heterogeneous assay, whereas the 

claimed fluorophore is used in a homogeneous assay. Because the Examiner's rationale under § 

103(a), in which Dixon's HRP label in a heterogeneous assay is replaced with a fluorophore in a 

homogeneous assay, would improperly change the principle of operation set forth in Dixon, the 

Examiner has not established a prima facie case of obvious as a matter of law: 

If the proposed modification or combination of the prior art would change the 
principle of operation of the prior art invention being modified, then the teachings 
of the references are not sufficient to render the claims prima facie obvious. 

M.P.E.P. § 2143.01(VI), citing In reRatti, 270 F.2d 810, 123 USPQ 349 (CCPA 1959). 
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b. Nasir teaches away from an aflatoxin oxime conjugated to a 
fluorophore 

The Examiner has argued that it would have been obvious to one of ordinary skill in the 
art to modify Dixon to detect aflatoxins using a fluorescence polarization assay as taught by 
Nasir. See Final Office Action, p. 3. However, Nasir does not specifically refer to aflatoxins at 
all. Instead, Nasir refers to mycotoxins, a class of toxins that includes aflatoxins but also 
includes many other toxins having a wide array of chemical structures (Pestka, p. 120). The 
reference to mycotoxins occurs in a section of Nasir titled "Detection of Toxins in Grains and 
Environmental Samples" (Nasir, pp. 181-182). Significantly, that section does not report any 
actual results for fluorescence polarization (FP) assays for mycotoxins. Instead, the section states 
that the FP format "is a technique of great potential in this area of research." By describing the 
potential for results, rather than actual results, Nasir does not teach a reasonable expectation of 
success with respect to a fluorescence polarization assay for aflatoxins or any other mycotoxins, 
as would be required to establish a prima facie case of obviousness. M.P.E.P. § 2143, citing In 
re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

Even if the statements in Nasir regarding mycotoxin research could be applied to 

aflatoxin specifically, the statements actually teach away from conjugating aflatoxin oxime with 

a fluorophore. In particular, Nasir states that the mycotoxin itself is labelled: 

A mycotoxin antigen of interest is labeled with a suitable fluorescent molecule 
(tracer). 

(Nasir, p. 182, col. 1). One following this statement would probably try to label aflatoxin with a 
fluorophore. Indeed, this is what the inventors tried to do -- but they found that it did not work. 
(Nasir Declaration, ^ 5). It was not until the inventors took the innovative approach of 
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conjugating a fluorophore to an aflatoxin oxime instead that they were able to develop a 

successful tracer. (Nasir Declaration, ^ 6). Because the Nasir reference teaches labelling the 

mycotoxin itself, rather than an oxime or other derivative thereof, Nasir teaches away from an 

aflatoxin oxime conjugated to a fluorophore. The law is clear that it is improper to combine 

references where the references teach away from their combination. M.P.E.P. § 2145(X)(D)(2), 

citing In re Graselli, 713 F.2d 731, 743, 218 USPQ 769, 779 (Fed. Cir. 1993). Thus, the 

Examiner's attempt to combine Dixon with Nasir is improper. 

The law is also clear that proceeding contrary to the accepted wisdom in the art is 

evidence of nonobvious. M.P.E.P. § 2145(X)(D)(3), citing In re Hedges, 783 F.2d 1038, 228 

USPQ 685 (Fed. Cir. 1986). As noted above, Nasir states that the mycotoxin itself, not a 

derivative, is conjugated to a fluorophore. The Examiner has not identified anything in the prior 

art that contradicts this accepted wisdom. Although Dixon states that "[s]ince aflatoxin Bi 

possesses no reactive groups for conjugation, it was first converted to aflatoxin-Br 

carboxymethylamine (aflatoxin Bi-oxime) ..." this statement refers to conjugating aflatoxin to 

proteins, i.e., BSA and OA (col. 4, line 62 - col. 5, line 5). The statement does not imply that 

conversion to an oxime is necessary in order to conjugate fluorophores. Accordingly, the 

approach taken in the claimed invention of conjugating an aflatoxin oxime to a fluorophore is 

contrary to the teachings of Nasir and, therefore, nonobvious. 

2. The prior art does not teach a tracer, comprising an aflatoxin oxime 
conjugated to a fluorophore, being able to bind to an antibody specific 
for aflatoxin to produce a detectable change in fluorescence 
polarization 

The Examiner has failed utterly to identify any prior art teaching of a tracer, comprising 
an aflatoxin oxime conjugated to a fluorophore, that has the special property of being able to bind 
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to an antibody specific to aflatoxin to produce a detectable change in fluorescence polarization, 
as recited in claims 1 and 11. Dixon does not refer to fluorescence polarization at all. Nasir does 
not specifically refer to aflatoxins at all. Moreover, Nasir describes fluorescence polarization as 
simply having "great potential" for mycotoxins, without reporting any results of any successful 
FP assay for aflatoxins or any other mycotoxins. Thus, the Dixon/Nasir combination falls far 
short of teaching a tracer that has the special property of being able to bind to an antibody to 
produce a detectable change in fluorescence polarization, as claimed in claims 1 and 11. 

More particularly, the Examiner has not identified any prior art teaching that an aflatoxin 
oxime conjugated to a fluorophore would still be able to bind to an antibody specific for 
aflatoxin. Although Dixon teaches that aflatoxin oxime conjugated a protein (i.e., BSA, OA, and 
HRP) is able to bind to antibodies specific to aflatoxin in a heterogeneous ELISA assay, it does 
not follow that an aflatoxin oxime conjugated to a fluorophore would be able to bind to specific 
antibodies in a homogeneous fluorescence polarization assay. As noted in the Nasir reference, 
"[i]n ELISA compounds adsorbed to the solid phase may have different affinites than in 
solution." (Nasir, p. 181, col 2). 

The Examiner has also failed to identify any prior art teaching that if binding occurs it 
would produce a detectable change in fluorescence polarization. In particular, it is by no means 
inevitable that binding will actually result in a detectable change in fluorescence polarization. 
The Nasir reference describes a phenomenon called the "propeller effect," whereby "although 
binding has occurred, little polarization shift is observed" (Nasir, p. 180, col. 2). The Nasir 
reference further explains that the effect is "caused by the uncoupling of the fluorophore and 
binding site due to a long, flexible linkage" and that "[t]o attain the best results one must employ 
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the shortest and most rigid linkage possible between the fluorophore and the ligand." Because 
the Nasir reference does not describe any results for aflatoxin, Nasir does not teach one of 
ordinary skill in the art whether an aflatoxin-based tracer would actually produce a detectable 
change in fluorescence polarization upon binding to a specific antibody or whether it would 
suffer from the "propeller effect." 

Moreover, the claimed tracer is not simply an aflatoxin-based tracer but a tracer that 
comprises an aflatoxin oxime conjugated to a fluorophore. The addition of an oxime linkage 
goes against Nasir's teaching of making the linkage between the fluorophore and the ligand as 
short and as rigid as possible. Thus, it is hardly surprising that the inventors did not know 
whether the aflatoxin oxime tracer would be able to bind to the antibody to produce a detectable 
change in fluorescence polarization until the tracer was actually tested. (Nasir Declaration, ^ 6). 
Indeed, for many fluorophores that were tested, there was no appreciable change in polarization 
values upon reaction to the antibody solution. (Nasir Declaration, ^ 6). 

Finally, because of the sheer number and variety of mycotoxins, Nasir's general 
statements regarding "mycotoxins" do not suggest the successful application of the fluorescence 
polarization technique to aflatoxins specifically. In addition to aflatoxins, the class of 
mycotoxins includes cyclopiazonic acid, ergot alkaloid, fumonisins, fusarochromanone, 
ochratoxin, PR toxin, rubratoxin, sterigmatocystin, trichothecenes (acetyldeoxynivalenol, 
diacetoxyscirpenol, nivalenol, roridin A, and T-2 toxin), and zearalenone. (Pestka, p. 125). 
Moreover, "[t]hese compounds have a wide array of chemical structures." (Pestka, p. 120, col. 
1). Given this variety in chemical structures, and the fact that the "propeller effect" can result in 
little or no observed polarization shift, one of ordinary skill in the art would not understand from 
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Nasir's statements that the fluorescence polarization technique would necessarily work to detect 
any and all mycotoxins. Instead, what the skilled artisan would understand from Nasir's 
statement that FP has "great potential" for mycotoxins is that further research was required. 
Thus, the Examiner's rejection is based on an improper "obvious to try" rationale to "explore a 
new technology or general approach that seemed to be a promising field of experimentation, 
where the prior art gave only general guidance as to the particular form of the claimed invention 
or how to achieve it." M.P.E.P. § 2145(X)(B), citing In re OTarrell, 853 F.2d 894, 903, 7 
USPQ2d 1673, 1681 (Fed. Cir. 1988). 

In the face of this evidence, it is clear that the Examiner has not shown a prior art 
teaching that an aflatoxin-oxime based tracer would have the special property of being able to 
bind to antibodies specific to aflatoxin to produce a detectable change in fluorescence 
polarization. 

B. The Examiner Erred in Rejecting Claims 5-7 as Being Obvious Over a 
Combination of Dixon, Nasir and Michel 

Claims 5-7 depend from claim 1. As discussed above, the combination of Dixon and 
Nasir fails to teach or suggest all of the limitations of claim 1 . Michel does not make up for the 
deficiencies in the Dixon/Nasir combination. Moreover, if an independent claim is nonobvious, 
then any claim depending therefrom is nonobvious. M.P.E.P. § 2143.03, citing In re Fine, 837 
F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). Thus, the Examiner's rejections of claim 5-7 are 
improper for at least the same reasons that the Examiner's rejection of claim 1 is improper. 

C. The Examiner Erred in Rejecting Claims 9-10 as Being Obvious Over a 
Combination of Dixon, Nasir and McMahon 

Claims 9-10 depend from claim 1. As discussed above, the combination of Dixon and 
Nasir fails to teach or suggest all of the limitations of claim 1. McMahon does not make up for 
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the deficiencies in the Dixon/Nasir combination. Moreover, if an independent claim is 
nonobvious, then any claim depending therefrom is nonobvious. M.P.E.P. § 2143.03, citing In re 
Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). Thus, the Examiner's rejections of claim 
5-7 are improper for at least the same reasons that the Examiner's rejection of claim 1 is 
improper. 

D. Conclusion 

Applicant has demonstrated that the rejections of claims 1-18 are in error as a matter of 
law. Neither Dixon nor Nasir in the Examiner's Dixon/Nasir combination teaches a tracer 
comprising an aflatoxin oxime conjugated to a fluorophore. Moreover, even if the Dixon/Nasir 
combination somehow taught such a tracer, the Dixon/Nasir combination does not teach that the 
tracer would have the special property of being able to bind to antibodies specific to aflatoxin to 
produce a detectable change in fluorescence polarization. 

Applicant therefore requests reversal of the rejections and allowance of all pending 
claims in this application. 
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Respectfully submitted, 



MCDONNELL BOEHNEN 
HULBERT & BERGHOFF LLP 



Date: January 30, 2006 




Richard A. Machonkin 
Reg. No. 41,962 



VIII. CLAIMS APPENDIX 

1. (original) A homogeneous assay for the determination of aflatoxins in agricultural 
products, said homogeneous assay comprising the steps of: 

extracting aflatoxin from a sample to provide an extract; 

combining said extract with a tracer and an antibody to provide a mixture, said antibody 
being specific for aflatoxin, said tracer comprising an aflatoxin oxime conjugated to a 
fluorophore, said tracer being able to bind to said antibody to produce a detectable change in 
fluorescence polarization; 

measuring the fluorescence polarization of said mixture to obtain a measured 
fluorescence polarization; and 

comparing said measured fluorescence polarization with a characterized fluorescence 
polarization value, said characterized fluorescence polarization value corresponding to a known 
aflatoxin concentration. 

2. (original) The assay of claim 1, wherein said step of extracting aflatoxin from a 
sample to provide an extract comprises the steps of: 

crushing said sample to provide a crushed sample; and 

shaking said crushed sample with an extraction solvent for a predetermined time. 

3. (original) The assay of claim 2, wherein said extraction solvent comprises an organic 
solvent and water. 
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4. (original) The assay of claim 3, wherein said organic solvent is methanol. 



5. (original) The assay of claim 1, wherein said fluorophore is selected from the group 
consisting of fluoresceinamine, 5 -amino acetyl-amido fluorescein, and 5-(5-aminopentyl)- 
thioureidyl fluorescein. 

6. (original) The assay of claim 5, wherein said fluorophore is an isomer of 
fluoresceinamine. 

7. (original) The assay of claim 6, wherein said fluorophore is isomer 2 of 
fluoresceinamine. 

8. (original) The assay of claim 1, wherein said aflatoxin oxime is (Aflatoxin Bi)-0- 
carboxymethyloxime. 

9. (original) The assay of claim 1, further comprising the steps of: 

providing a plurality of aflatoxin standard solutions, each of said aflatoxin standard 
solutions having a different known concentration of aflatoxin; 

adding said tracer and said antibody to each one of said plurality of aflatoxin standard 
solutions, so as to provide a plurality of standard mixtures; and 
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measuring the fluorescence polarization of each one of said plurality of said standard 
mixtures to provide a plurality of standard fluorescence polarization values corresponding to 
known aflatoxin concentrations. 

10. (original) The assay of claim 9, wherein said characterized fluorescence polarization 
value is one of said standard fluorescence polarization values. 

1 1 . (previously presented) An assay kit for the determination of aflatoxins in agricultural 
products in a homogeneous assay, said assay kit comprising: 

an antibody and a tracer, each in an amount suitable for at least one assay, and suitable 
packaging, said antibody being specific for aflatoxin, said tracer comprising an aflatoxin oxime 
conjugated to a fluorophore, said tracer being able to bind to said antibody to produce a 
detectable change in fluorescence polarization in a homogeneous assay. 

12. (original) The assay kit of claim 11, further comprising an extraction solvent for 
extracting aflatoxin from a sample. 

13. (original) The assay kit of claim 12, wherein said extraction solvent comprises an 
organic solvent and water. 

14. (original) The assay kit of claim 13, wherein said organic solvent is methanol. 
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15. (original) The assay kit of claim 11, wherein said fluorophore is selected from the 
group consisting of fluoresceinamine, 5 -aminoacetyl-amido fluorescein, and 5-(5-aminopentyl)- 
thioureidyl fluorescein. 



16. (original) The assay kit of claim 15, wherein said fluorophore is fluoresceinamine. 



17. (original) The assay kit of claim 16, wherein said fluorophore is isomer 2 of 
fluoresceinamine. 



18. (original) The assay kit of claim 11, wherein said aflatoxin oxime is (Aflatoxin Bi)- 
O-carboxymethyloxime. 
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IX. 



EVIDENCE APPENDIX 



This appendix contains copies of the following evidence: 

1. Declaration of Mohammad S. Nasir Pursuant to 37 C.F.R. § 1.132 

2. Pestka et al., "Immunological Assays for Mycotoxin Detection/' Food Technology, 
February 1995, pp. 120-128 

This evidence was submitted with a Response filed June 8, 2004 and entered in the record 
by the Examiner. 
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Examiner: Deborah A. Davis 



Serial No.: 
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Art Unit: 1641 



Filed: 



For: 



July 13, 2001 



Fluorescence Polarization-Based 
Homogeneous Assay for Aflatoxins 



) 
) 
) 
) 
) 



DECLARATION OF MOHAMMAD S. NASIR 
PURSUANT TO 37 CF.R. § 1.132 



1. Mohammad S. Nasir, hereby declares as follows: 

L I am a principal scientist at Diachemix LLC, 683 E. Center Street, Suite H, 
Grayslake, Illinois 60030. I have held that position since 1997. 

2. I received a PhD in chemistry from the State University of New York at Albany 

in 1990. 

3. I am one of the inventors for the above-referenced patent application, and I am 
familiar with the research reported in the specification. 

4. I 5 and my co-inventor, Michael E. Jolley, are the authors of the article 
"Fluorescence Polarization: An Analytical Tool for Immunoassay and Drug Discovery," 
Combinatorial Chemistry &High Throughput Screening, vol. 2, pp. 177-190 (1999). 

5. Part of the research effort to develop a fluorescence polarization-based assay for 
aflatoxins involved attempts to label aflatoxin with a fluorophore, in order to develop a tracer that 
could be used in a fluorescence polarization assay for aflatoxins. However, the attempts to label 
aflatoxin with a fluorophore failed. 



6. We were unable to develop a tracer until we found that aflatoxin oxime, a derivate of 
aflatoxin, could be labeled with a fluorophore. Even then, we did not know whether this tracer 
would be able to bind to the antibody to produce a detectable change in fluorescence polarization 
until we tested it. And many other fluorophores did not give any appreciable change in polarization 
values upon reaction to the antibody solution. 

7. I hereby declare further that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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Immunological Assays for Mycotoxin Detection 

Enzyme-linked immunosorbent assays have been successfully applied 
to the screening of mycotoxins in a diverse array of foods 

James J. Pestka, Mohamed N. Abouzied. and Sutikno 
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□ MYCOTOXINS ARE TOXIC SEC- 
ondary metabolites produced by molds 
that often contaminate agricultural sta- 
ples such as corn, wheat, and peanuts 
prior to harvest and during storage. 
These compounds have a wide array of 
chemical structures and are produced by 
common field and storage fungi, includ- 
ing many species of Aspergillus, Peni- 
cillium, and Fusarium. 

Mycotoxins can elicit a variety of toxic 
symptoms in humans and animals, rang- 
ing from gastroenteritis to cancer (Table 

1) . For example, the aflatoxins were 
identified in the early 1960s as etiologic 
agents of hepatotoxicity and hepatic 
cancer in turkey poults and rainbow 
trout, respectively (Pestka and Casale, 
1990). Strict regulations were subse- 
quently established for aflatoxins in food 
in many countries because of the poten- 
tial for similar effects in humans. 

Besides direct concerns over human 
health, anatoxins and other mycotoxins 
have major economic impact on live- 
stock productivity as a result of lower 
quantity and quality of animal products, 
smaller litters, infertility, reduced feed 
efficiency, impaired resistance to dis- 
ease, and loss of vaccination efficiency 
(CAST, 1989). Other economic effects 
can be more subtle but have major 
implications worldwide with regard to 
food production and processing (Table 

2) . It has been estimated by the Food 
and Agriculture Organization that 25 % 
of the world's crops are affected by my- 
cotoxins (Mannon and Johnson, 1985), 
although the absolute quantification of 
these losses remains enigmatic (Hessel- 
tine, 1986). 

Whether a mycotoxin is present in a 
food is largely dictated by environmen- 
tal and biological factors (Fig. 1), par- 
ticularly the regional weather during a 
growing season and harvest. A major 
means of eliminating mycotoxins from 
human and animal food is to detect and 
divert contaminated raw materials from 
feed and finished food use. Analytical 
surveillance can also assist in identifying 
those geographical regions where myco- 
toxins are a recurrent problem and pro- 
vide a database for human exposure in 
epidemiological studies. 

Methods for mycotoxin analysis in- 
clude thin-layer,- liquid, and gas chro- 
matography, as well as mass spectros- 
copy. A major impediment to the imple- 
. mentation of these approaches is 
interferences found in extracts of corn, 



Table 1 — Major Mycotoxins and their Toxic Effects in experimental animal models 



Mycotoxin 



Toxic effect 



Commodity 



Aflatoxins Bi, B 2 , Gi, Gi 

Aflatoxin Mi 
Cyclopia zonic acid 

Fumonisin 

Ochratoxin 

Patulin 

Trichothecenes, including 
deoxynivalenol (vomi- 
toxin), nivalenol, T-2 
toxin 

Zearalenone 



Liver toxicity and cancer 

Liver toxicity and cancer 
Muscle necrosis, oral 

lesions 
Leukoencepholom a cia , 

pulmonary edema 
Kidney toxicity, cancer 

Generalized toxicity, 

neurotoxicity 
Feed refusal, diarrhea, 

oral and Gi lesions, 

immunotoxicity 

Estrogenic effects, re- 
productive problems 



Corn, cottonseed, nuts, 

peanuts 
Milk 

Corn, peanuts 
Corn 

Wheat, barley, corn, 
oats 

Apples and apple juice 
Corn, wheat, barley 



Corn, wheat, barley 
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peanuts, wheat, cottonseed, and other 
foods as well as clinical samples from 
humans and animals. A series of exten- 
sive cleanup steps involving liquid-liq- 
uid partition, column cleanup, and evap- 
oration are therefore required to over- 
come these interferences. The 
procedures are time-consuming and 
costly and often involve use of harmful 
solvents. 

Research initiated in the late 1970s 
proposed the application of immuno- 
chemical assay, procedures commonly 
used in clinical laboratories, to the anal- 
ysis of aflatoxin B a (AFBi) and other 
mycotoxins (Chu and Ueno, 1977; 
Langone and Van Vunakis, 1976). These 
assays typically involve the competition 
between a free mycotoxin in a sample 
extract and a labeled mycotoxin for an 
antibody binding site. Although initially 
based on radioimmunoassay (RIA), sub- 
sequent research- has established the 
feasibility of using enzyme-linked im- 



Author Pestka, a Professional Member of 
IFT, is Professor, and authors Abouzied and 
Sutikno are Research Associate and Gradu- 
ate Student, respectively, Dept. of Food Sci- 
ence and Human Nutrition, Michigan State 
University, East Lansing, MI 48824. Send re- 
print. requests to author Pestka, 



munosorbent assay (ELISA). These and 
other assays have been made available 
commercially for the rapid assay of myp 
cotoxins in food. /^p 
Key considerations in the develop?:^ 
ment and application of mycotoxin im.- : 
munoassays to food safety analysis in- TV* 
elude method of antibody generation;^/, 
immunoassay formats, adaptability toe.': 
food analysis, and evaluation criteria for^g 
commercial test kits. ■ ^ 

Generation of Mycotoxin n 
Antibodies 

Antibodies, or immunoglobulins, are a-;? 
family of glycoproteins that are ptpf'j^ 
duced as a response to foreign molecules; ;i 
in the body (Harlow and Lane, 1988)^/^ 
This response requires the interaction:^.;, 
among white blood cells (leukocytes);. > 
known as B cells, T cells, and macro^;. 
phage that culminate in the terminal^ 
differentiation of the B cells into anti- 
body-secreting plasma cells. 

Immunogenicity refers to the capacity^ 
of a macromolecule to induce an 
mune response and is dependent on 
chemical structure and its ability toWJ 
recognized as foreign material The min-^ 
imum molecular weight of an immunp^ 
gen is 3,000-5,000. Because mycotoxms t 
are of low molecular weight (30<MP?% 
they must be conjugated to a carrier^ 
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Table 2— Economic Effects of Myco- 
toxin contamination in food. Modified 
from CAST (1989) 



Eoonomic effect 



producer 



Handler/distributor 



processor 



International trade 



Food/feed loss 

Less income 

Possible loss of 
outlet 

Reduced livestock 
productivity 

Less income 

Increased storage 
costs 

Market loss 

Litigation costs 

Reduced-value 
products 

Insurance premk 
urns 

Litigation costs 

Lower nutritional 
quality 

Increased product 
prices 

Possible chronic 
health effects 

Unreliable supply, 
resulting in price 
fluctuation and 
market loss 

Problems with 
establishing pro- 
duction quotas 
and food secu- 
rity agreements 



protein such as bovine serum albumin to 
be immunogenic. 

Often, preparation of a suitable my- 
cotoxin immunogen is the rate-limiting 
step in the development of an immu- 
noassay. Standard hapten conjugation 
techniques used for mycotoxiris have 
been reviewed by Chu (1986). If the my- 
cotoxin doesn't have a reactive group for 
conjugation, it must be derivatized. For 
example, generation of protein conju- 
gate for the mycotoxin fumonisin, (Azco- 
na-Olivera et aL, 1992a, b) simply in- 
volves the use of glutaraldehyde linkage 
via a free amino group (Fig. 2A), whereas 
conjugation of deoxynivalenol (Casale et 
^.,1988) U much more difficult because 
{t involves extensive modification and 
blocking stages (Fig. 2B). Generally, the 
same conjugation techniques used for 
jttuj&unogen preparation can be applied 
J? unk mycotoxins to enzyme markers 
«* the ELISA as long as the reaction 

]k * ions do not denature the enzyme. 



some cases, undesirable side reac- 
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K>ns can occur during chemical conju- 
gation and can result in antibodies to the 
£i~% toducts (Gendloff et aL, 1986). An- 
; tili if® may also react with mvcoto xin 
" ' ; Sw- rid 5e groups, bridge group plus 
i . ret! 61 protein » 01 *ke carrier protein di- 
^"evni ?kus, when characterizing and 
^ xmT Uatm & mycotoxin antibodies for im- 
0assa y> con i u & ation reaction proto- 
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Temperature 
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Moisture 
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Mechanical Injury 


Toxigenic 




Insect/Bird Damage 


Fungus 




Fungus 



HARVESTING 

Crop Maturity 
Temperature 
Moisture 

Detection/Diversion 




STORAGE 

Temperature 
Moisture 

Detection /Diversion 



DISTRIBUTION- 
PROCESSING 

Detection/Diversion 




HUMANS 



ANIMALS 



ANIMAL PRODUCTS 



Fig m j — Factors Affecting Mycotoxin Occurrence in the food chain. From Pestka and Casale 
(1990) 



cols must be carefully selected and ap- 
propriate controls utilized. 

A key aspect in antibody development 
iB the site of chemical conjugation. For 
example, many approaches have been 
used to produce antibodies with differ- 
ent specificities for the anatoxin family 
(Fig. 3). Those portions of the anatoxin 
molecule which project distally from the 
conjugation site are said to be immuno- 
dominant, because the resultant anti- 
bodies will exhibit the highest degree of 
recognition for these moieties. Thus, 
any metabolic precursor or analogues 
which mimic this immunodominant re- 
gion will be recognized by an antibody 
generated against the parent toxin. 

Cross-reactivity can oe assessed using 
RIA or ELISA competition curves, where 
the levels required for 50 % inhibition of 
marker ligand binding are used as the 
basis of comparison (Fig. 4). Rarely are 
these competition curves superimpos- 
able; thus, an analogue typically cross- 
reacts to a greater or lesser extent than 
the parent toxin. Although the presence 
of such analogues in a sample may ren- 
der a quantitative assay to the level of 
semiquantitative, a high level of cross- 



reactivity can be very useful, as has been 
observed, for the screening of fumonisins 
(Azcona-Olivera et aL, 1992a, b), zeaiale- 
nones (Dixon et aL, 1987; Warner and 
Pestka, 1986) and the anatoxins (Dixon 
et aL, 1988). 

The most straightforward approach 
to generation of antibodies is the multi- 
ple-site immunization of rabbits with 
100-1,000 fig of mycotoxin-protein con- 
jugate. Usable antiserum could be ob- 
tained in 3-4 mo. A critical factor in this 
immunization process is the use of an 
oil-based adjuvant containing killed 
Mycobacterium such as the "Freund's 
Complete type" to allow slow release of 
the immunogen and nonspecifically 
stimulate the immune response. More 
recently, we have successfully utilized 
very low levels of cholera toxin conju- 
gates of fumonisin (Azcona-Olivera et 
aL, 1992a, b) and a trichothecene myco- 
toxin (Abouzied et aL, 1993). Although 
the mechanism(s) by which choleratoxin 
(CT) exerts its potent adjuvant effect in 
the immune system is not fully under- 
stood, it has been shown that CT con- 
comitantly stimulates interleukin-1 pro- 
duction and antigen presentation (Bro- 
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Immunological Assays (continued) , 

mander et al., 1991). 

The advantages to this approach are 
severalfold. First, the procedure is rapid 
and yields quality antibodies, in com- 
parison to poorer results achieved by 
standard protocols. Second, since no 
animal health impairment was observed 
at the concentrations used in this work, 
CT might be a humane alternative to 
Freund's adjuvant, which typically gives 
rise to abscesses, ulcers, or granulomas 
at the injection site. And third, the use 
of CT is also valuable when mycotoxin 
availability is limited, since relatively 



low doses of immunogen are required to 
induce a rapid and strong antibody re- 
sponse. , , . 

Rabbit antisera contain antibodies 
generated by multiple B-cell clones. 
These vary in specificity and are consid- 
ered polyclonal. A major advantage of 
►olyclonal antisera are that they are of 
uigh affinity and inexpensive to pro- 
duce. However, inherent variability from 
lot to lot makes it difficult to use them m 
commercial kits with defined perfor- 
mance characteristics. Hybridomas have 
therefore been developed by fusions of 



immunized mouse spleen cells with a 
myeloma cell line to secrete reagent- 
quality monoclonal antibodies. A major 
disadvantage to this approach is the re- 
quirement for a tissue-culture facility, 
high cost, and time effort involved. 

Mycotoxin Immunoassay 
Formats 

A number of immunoassay formats 
have been devised for mycotoxin analy-; 
sis. Initially, competitive RIAs were used 
whereby specific antibody is incubated 
with a constant amount of radiolabeled 
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t^rin in the presence of standard or un- 
sown sample and then various proce- 
dures are used to remove the toxin anti- 
hodv complex from solution. The 
Amount of toxin in a sample is inversely 
related to the amount of radiolabeled 
^unbound) toxin in solution. Because of 
inherent problems with ra^oac^vity, 
competitive assays based on kLlbA [&n- 
ffvall and Perlman, 1971) were devised. 
Both direct and indirect assays (Fig, 5) 
have been applied to mycotoxin detec- 
tion. Microtiter plates, beads, and 
Terasaki plates have been used as solid- 



phase support for ELISA (Pestka et al, 
1980; Pestka and Chu, 1984). High-pro- 
tein-binding polystyrene microtiter 
plates have been most widely used be- 
cause they offer an extensive support 
technology, including removable strips, 
multiwell pipettes, automated washers, 
and spectrophotometers. 

Membranes are an alternative solid 
phase that have been employed for 
yes-no or threshold tests in cups, cards, 
and dipsticks. We have successfully em- 
ployed nitrocellulose membranes in a 
Computer-Assisted-Multianalyte Assay 



System (CAMAS) for fumonisins, aria- 
toxins, and zearalenones (Abouzied and 
Pestka, 1994). Monoclonal antibodies 
for each of these toxins are immobilized 
as multiple lines on nitrocellulose mem- 
brane strips and sectored into hydro- 
phobic compartments to minimize use 
of reagents. A modified ELISA is con- 
ducted whereby free mycotoxins and 
horseradish peroxidase-labeled myco- 
toxins compete for binding to the nitro- 
cellulose-bound antibodies. Color inten- 
sity of lines formed by a precipitating 
substrate is inversely related to myco- 
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Fig. 3 — Approaches for Generation of anatoxin immunogens 
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Fig. 4 (left) — Theoretical Binding Inhi- 
bition Curves for mycotoxins in a com- 
petitive immunoassay. Cross-reactivity of 
analogue 1 is greater than for parent toxin, 
while that of analogue 2 is less 

Fig. 5 (right)— Competitive E LIS As for 
Mycotoxins. In direct competitive ELI$A t 
mycotoxin- enzyme conjugate BNZ is si- 
multaneously incubated with unconju- 
gated toxin ♦ over solid-phase- bound 
antibody AB. Toxin concentration is in- 
versely related to bound enzyme conju- 
gate and thus can be calculated on devel- 
opment of end-product absorbance ob- 
tained after addition of enzyme substrate. 
In indirect competitive ELISA, mycotoxin- 
specific antibody AB competes with free 
toxin for binding to solid-phase mycotox- 
in-carrier protein CP conjugate. Second 
antiimmunoglobulin enzyme conjugate 
ab-ENZ is then required to determine to- 
tal bound antibody. Toxin concentration is 
inversely related to bound enzyme conju- 
gate 



Direct 



Indirect 




Immunological Assays (continued) , 




NC Membrane 

Antibody Lines 



Printer 



fig. $ image Analysis System used for Computer-Assisted Mufttanglyte System (CAMAS) for 

mycotoxins. See Abouzied arid Pestka (1993) for details 






1. SEPARATE HAPTENS ON 
CHANNELED 

HPTLC SILICA GEL PLATE (■) 



2. IMMUNOSPECIFIC TRANSFER: 
FILTER PAPER (a) 
ANTIBODY-COATED NC (ran) 
HPTLC (■■) 



3. REACT NC 

WITH HAPTEN-HRP 
CONJUGATE (|>) 



4. INCUBATE NC WITH 
PRECIPITATING HRP 
SUBSTRATE. IDENTIFY 
HAPTENS AS 
INHIBITORY BANDS 



5. PERFORM SCANNING 
DENSITOMETRY 



toxin concentration. Line density can be 
quantitatively assessed using a camera, 
video monitor, and microcomputer 
equipped with a video digitizing board 
(Fig. 6). The assay can be used to deter- 
mine range values for the various myco- 
toxins in extracts of spiked corn in less 
than 30 min and record them on the mi- 
crocomputer hard disk. 

Another immunoblot approach, called 
ELISAGRAM, has been devised that 
combines the sensitivity and selectivity 
of competitive ELIS A with the capacity 
of high-performance thin-layer chroma- 
tography (HPTLC) to separate struc- 
turally related mycotoxins (Pestka; 

1991) . The procedure (Fig. 7) involves 
separation of mycotoxin by HPTLC,; 
blotting of the HPTLC plate with nitro- ; 
cellulose (NC) coated with mycotoxin- : 
specific monoclonal antibody, incubav 
tion of NC with mycotoxin-enzyme con- 
jugate to identify unreacted antibody 
binding sites, detection of bound en- 
zyme conjugate with a precipitating sub- 
strate, and visual or densitometric as- 
sessment of inhibition bands indicative 
of a cross-reacting mycotoxin. The tech- 
nique has been applied to two major , 
mycotoxin families, the zearalenonesr 
and aflatoxins. Multiple standard curves*; 
for the zearalenones and the aflatoxins: 
can also be constructed using scanning 
densitometry. Cross-reactivity in ELIS- J 
AGRAM curves are analogous to that ; 
found in competitive ELISA. This pro- ; 
cedure could be widely applicable to the v 
simultaneous quantitation and confix-^ 
mation of multiple haptens with a single: 
cross-reactive antibody. 

Mycotoxin antibodies have also been;; 
attached to affinity columns and used; 
for analytical purposes. For example] 
aflatoxins can be bound to an affinity 
column and then desorbed for subse^ 
quent derivatization and fluorescence) 
measurement (Trucksess et aL, 1991).: 
This approach requires fluorescent my^ 
cotoxin derivatives and additional in-^ 
strumentation (fluorometer). Another: 
approach is to quantitate mycotoxin in' 
the affinity column eluates by liquid 
chromatography (reviewed by Chu,:. 

1992) . .'.-i 
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Fig:i7rPE^ for, Mye^t^ Pestka ( 199.1)} 



Immunoassay of ^ 
Mycotoxins in Foods 

Antibodies (polyclonal and mono- ; • 
clonal) have been made to the major^g 
known mycotoxins, and both ELISA£<;i- 
and RIAs have been successfully applied 4 
to the screening of mycotoxins in; 
diverse array of foods. Table 3 gives se- 
lected examples of reported immunoa$^g| 
says for the aflatoxins, ochratoxms, tn- ; ^g| 
chothecenes, fumonisins, and other my-. ^f 1 
cotoxins, many of which can detect; 
picogram or nanogram levels of toxin. 

To maintain the native protein struc-v j| 
ture of the antibody and enzyme conji^g 
gate, immunoassays have to be carned^..^ 
out in an aqueous system. In a liqui^^f 
system such as milk, mycotoxins can be^ ;K 
analyzed directly (PeBtka et al., 1981a)g: 
although the limit of detection can^be^ 
increased by cleanup and concentration ^ 
v\ ; , ;— Text continued on page 



Tabie 3— Selected Immunological Assays for Mycotoxins in Foods 



Toxin 



Format 



Food analyzed 



Limit of 
detection 



Reference 



Aflatoxin Bi 



Aflatoxins B\ 

and Gi 
Aflatoxin Mi 



Cyclopiazonic acid 

Ergot alkaloid 

Fumonisins 

Fusarochromanone 
Ochratoxin 



PR Toxin 
Rubratoxin 

Sterigmatocystin 

Trichothecenes: 
Acetyl deoxyni- 

valenol 
Diacetoxy- 
scirpenoi 

Deoxynivalenol 



Nivalenol 
Roridin A 

T-2 toxin 



RIA 
ELISA 


Corn, wheat, peanut 

butter 
Com, wheat, peanut 

butter 
Peanut butter 


6 ng/g 
3 ng/g 
2.5 ng/g 




Corn, cotton-seed 
Barley 


2.5 ng/g 
0.1 ng/mL 


ELISA 


Peanut butter 


0.3 ng/g 


RIA 
ELISA 


Milk 
Milk 


0.5 ng/g 
0.3 ng/g 
0.3 ng/g 

12 pg/g 


AC 

ELISA 


Milk 
Buffer 


50 pg/g 
30 pg/assay 


ELISA 


Wheat 


10 ng/mL 


ELISA 


Feed 


250 ng/g 


LC-ELISA 
ELISA 


Wheat, barley 
Barley 


5 ng/g 
1 .0 ng/mL 

5.0 ng/g 

0.1 ng/g 




Pig kidney 


0.5 ng/g 




Wheat, meat, 

plasma 
Chicken meat. 


1 .0 ng/g 
0.1 ng/mL 



Zearelenone 



RIA . 
RIA 

ELISA 



ELISA- 
ELISA 



RIA 
ELISA 



ELISA 
ELISA 

RIA 



ELISA 



ELISA 



wheat flour, 
porcine plasma, 
bovine sera 

Cheese 

Cultures 

Barley 



Rice 

Culture 

Wheat 
Corn, wheat 
Corn 
Wheat 

Grain-based food 

Barley 
Feed 

Corn, wheat 

Milk 

Corn 

Corn, wheat 

Milk 
Wheat 

Corn, wheat, feed 
Corn 

Grain-based 
foods 



50 Mg/g 
0.1 Mg 

0.01 pg 



1 ng/g 

16 ng/mL 

0.3 Mfl/mL 
20 ng/g 
200 ng/mL 
0.1 ng/assay 

1 ^g/g 

0.1 ng/essay 
5 ng/mL 

0.1 ng/g 

2.5 ng/g 

50 ng/g 

2.5 ng/g 

0.2 ng/g 
0.5 ng/g 
1 ng/mL 
1 ng/g 

2.5 ng/g 



El-Nakib et al. (1981) 
El-Nakib et al. (1981) 

Mortimer et al. 

(1988) 
Dixon et al. (1988) 
Ramakrishna et al. 

(1990) 
Morgan et al. 

(1986b) 
Pestka et al. (1981b) 
Pestka et al. (1981b) 
Fan et al. (1984) 
Nieuwenhof et al. 

(1990) 
Hansen (1990) 
Halnau and Weiler 

(1991) 
Shelby and Kelley 

(1992) 
Azcona-Olivera et al. 

(1992a, b) 
Yu and Chu (1991) 
Ramakrishna et a(. 

(1990) 
Candlish et al. 

(1988) 
Morgan et al. 

(1983) 
Morgan et al. 

(1986a) 
Sato et al. (1987) 

Kawamura et al. 
(1989, 1990) 



Wei and Chu (1988) 
Davis and Stone 

(1979) 
Morgan et al. 

(1986c) 

Kemp et al. (1986) 

Hack et al. (1989) 

Mills et al. (1988) 
Xu et ai. (1986) 
Casale et al. (1988) 
Mills et al. (1990) 
Abo'uzied et al. 

(1991) 
Ikebuchiet al. (1990) 
Martlbauer et al. 

(1988) 
Lee and Chu 

(1981a) 
Lee and Chu 

(1981b) 
Gendloff et al. 

(1984) 
Pestka et al. 

(1981ar 
Fan et al. (1984) 
Chiba et al. (1988) 
Liu et al. (1985) 
Warner and Pestka 

(1986) 
Warner and Pestka 

(1987) 
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Table 4 — Commercial Immunoassay Kits lor Mycotoxma available as of June 1993 









Detection 


Analysis 


Cost/ assay 






Taat kh 


Analytefe) 


Format 


limit (ppb) 


time* 




Application 


Comments 


EZ-Screen c 


Aflatoxins 


ELISA: Multi- 


5-20 


10 


5.00-7.50 


Corn, peanuts 


Visual , pass/fail 






site card 












Aflatoxin M\ 


ELISA: Multi- 


0.5 


10 


5.00-7.50 


Milk 


Visual, pass/fail 






site card 












Ochratoxin 


ELISA: Multi- 


5 


10 


5.00-7.50 


Corn 


Visual, pass/fail 






site card 












T-2 toxin 


ELISA: Multi- 


12.5 


10 


5.00- 7.50 


Corn 


Visual, pass/fail 






site card 












Zearatenone 


ELISA: Multi- 


50 


10 


5.00-7.50 


Corn 


Visual, pass/fail 






site card 











Cite Probe" 

Alia 5. 10, 
20 Cup* 



Anatoxin B 2 
Aflatoxins 



ELISA: Tray 
ELISA: Cup 



5. 20 
5, 10, 20 



10.00 Corn, cottonseed Visual, pass/fail, USDA-FGIS certified 

4.00 Corn, peanuts, peanut Visual, pass/fail, USDA-FGIS certified, 
butter, cottonseed, AOAC First Action Approval 
and feeds 



One-Step 


Anatoxin Bi 


ELISA: 


5 


40 


1.00 


Corn, peanuts, peanut 


ELISA* 




Microwatt 








butter, cottonseed. 














and feeds 




Aflatoxin M, 


ELISA: 


0.5 


40 


1.00 


Milk 






Microwatt 












Zearatenone 


ELISA: 


200 


40 


1.00 


Corn, wheat 






MicroweH 










Agri-scTfW 


. Afletoxins 


ELISA: 


5 


6-10 


3.50 


Corn, peanuts, 






(VII crow ©>l 








cottonseed, feed 




Deoxyni- 


ELISA: 


1.000 


12-20 


5.50 


Corn, wheat feed 




vatenot 


Microwell 










(vomitoxin) 














Fumonisin 


ELISA: 


500 


12-20 


5.50 


Corn, wheat, feed 






Microwall 












Ochratoxin 


ELISA: 


20 


12-20 


5.75 


Com, wheat, feed 






Microwell 










T 2 toxin 


ELISA: 


500 


18-30 


5.50 


Com, wheat, feed 






Microwell 










Zearalenone 


ELISA: 


250 


18-30 


5.50 


Com, wheat, feed 






Microwell 








Veratox' 


Aflatoxins 


ELISA: 


5 


15 


4.00 


Corn, peanuts. 






Microwell 








cottonseed, feed 




Aflatoxin Mf- 


ELISA: 


0.25 


40 


5.50 


Milk 






Microwell 












Deoxynr- 


ELISA: 


300 


20 


5.50 


Corn, wheat, feed 




valenol 


Microwell 










T-2 


ELISA: 


50 


30 


8.00 


Corn, wheat, feed 






Microwell 










Zearalenone 


ELISA: 


250 


30 


6.00 


Corn, wheat, feed 






Microwell 










Dosage 0 


Aflatoxin B! 


ELISA: 


0.5 


45 


4.00 


Corn, peanuts, feed 






Microwell 








Detections 


Aflatoxin B, 


ELISA: Tube 


1, 5 


45 


9.00 


Corn, peanuts, feed 


Aflatest" 


Aflatoxins 


Affinity col- 


1.0 


10 


7.00 


Corn, peanuts, feed 






umn 












Aflatoxin Mi 


Affinity col- 


0.1 


!° 


10.00 


Milk 






umn 










Fumonitest** 


Fumonisin 


Affinity col- 


2 


15 


10.00 


Corn 




B„ B 2 


umn 










Oehratest" 


Ochratoxin 


Affinity col- 


5 


10 


10.00 


Corn 






umn 










Zearaletast h 


Zearalenone 


Affinity col- 
umn 


500 


10 


10.00 


Corn, wheat 



Quantitative; with ELISA reader 
Quantitative; with ELISA r 



Visual or ELISA reader, pass/fail, 
USDA-FGIS certified, AOAC First 
Action Approval 

Visual or ELISA reader, pass/fait, 
USDA-FGIS certified 

Visual or ELISA reader, pass/fail, 

USDA-FGIS certified 
Visual or ELISA reader, pass/fail. 

Visual or ELISA reader, pass/fail 

Visual or ELISA reader, pass/fail. 



Quantitative with ELISA reader, 

USDA-FGIS certified 
Quantitative with ELISA reader. 

Quantitative with ELISA reader. 

Quantitative with ELISA reader. 

Quantitative with ELfSA reader. 

Quantitative with ELISA reader 

Visual or reader, pass/fail 

Quantitative with fluorometer, 

USDA-FGIS certified, -AOAC First ' 
Action Approval, IUPAC approval 

Quantitative with fluorometer 

Quantitative with fluorometer 
Quantitative with fluorometer 
Quantitative with fluorometer 



"Analysis time does not include sample extraction 

^Besed on purchase of smallest available unit 

UiAGnostix, Inc.. Burlington, NC 27215 (phone 800-334-1 1 16J 

^tfaxx Labs, Westbrook, ME 04092 (800-648-6733) 

'International Diagnostics. St. Joseph, Ml 49085 (616-983-0972) 

'Neogan Corp.. Lansing, Ml 48912 (800-234-6333) 

Transia, Lyon. Franc* 69007 (33-72730381) 

"vlcam, Somerville, MA 02145 (800-338-4381) 
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dfin Pak or affinity column. Food 
samples were originally extracted with a 
uhrixt by standard protocols, evapo- 
rated and reconstituted in an aqueous 
ffi for assay. However based on our 
££ial observation that mycotoxin- 
horseradish peroxidase and solid-phase 
antibodies retain sufficient stability for 
ELISA when incubated with as much as 
35% (w/vol) methanol (Ram et al 
1986a), a direct approach was developed 
whereby solid substrates are blended 
with methanol-water extraction solvent 
and the extract analyzed directly or af- 
ter dilution. 

Immunoassay and various chromato- 
graphic methods for mycotoxin detec- 
tion in foods are usually comparable 
when they are performed in the research 
Laboratory (Ram et al., 1986a, b; Chu et 
al., 1987). However, sometimes toxin- 
free food extracts can interfere with 
mycotoxin-enzyme binding to the solid- 
phase antibody and therefore yield alow 
false-positive response when compared 
to a standard curve prepared in extrac- 
tion solvent with buffer. Samples can be 
diluted more extensively to eliminate 
this interference, but this will decrease 
sensitivity. Alternatively, interference 
can be minimized by incorporating tox- 
in-free sample extracts during standard- 
curve preparation. Another factor that 
must be considered is sample pH, which 
must sometimes be adjusted prior to 
immunoassay, since antibody-antigen 
binding occurs optimally at neutral pH. 

Commercial Mycotoxin 
Immunoassays 

The above research has led to the de- 
velopment of a number of"commercial 
kits that have been marketed in the 
United States for food safety verifica- 
tion (Table 4). Commercial immunoas- 
say kits have generally performed well in 
routine analyses performed in the labo- 
ratory and the field (Koeltzow and Tan- 
ner, 1990; Azer and Cooper, 1991; Dorner 
et al., 1993). However, when Horwitz et 
al. (1993) recalculated the precision per- 
formance parameters of collaborative 
studies for mycotoxins through 1991, 
they found that ELISA had somewhat 
poorer precision than thin-layer chro- 
niatography and liquid chromatogra- 
phy. Thus, when adopting a commercial 
immunoassay for rapid testing of myco- 
toxins, food analysts must critically eval- 
uate the system in light of their specific 
needs and the limitations of the assay 
(Table 5). 

Several organizations have provided 
if* i5&iP in evaluating these tests. Of- 
ncial First Action approval has been 
AOaV^ 01 detec tion of anatoxins by 
£UAC International (formerly Associa- 
.. w>n of Official Analytical Chemists) in 
: ttSwS c °mmodities, using microtiter- 
Tqoo^ Park et d., 1989a, b; Patey et al., 
nffi ^ CU P (Trucksess et al., 1989), and 
; W^? olumn (Trucksess et al., 1991) 
Pph * T£ e U * S * D «Pt. of Agriculture's 

W?H G I^ nIns P ectionService ( FGIS) 

. kitsf approved a number of 

" tiw- 0r c l ua litative screening and quan- 
^ation of anatoxins (Table 4). 



Table 5 — Suggested Criteria for Adop- 
tion of a Mycotoxin Immunoassay. Sum- 
marized from Pestka (1988) 

Limits of detection and sensitivity 
range 

Requirements for rapid screening 

and/or quantitation 
Specificity 

Necessity for adaptability to wide 
range of sample types 

Effectiveness of recommended ex- 
traction procedure 

Sample throughput 

Field stability 

Inter- and intra-assay reproducibility 



To further facilitate kit evaluation, 
AOAC International has created the 
AOAC Research Institute with the 
charge of evaluating and certifying rapid 
test kits used for safety screening of 
foods. During summer 1993, this Insti- 
tute evaluated anatoxin test kits in con- 
junction with a Memorandum of Under- 
standing signed in October 1992 with 
FGIS which recognizes the Test Kit 
Performance Testing Program for test 
kits that detect anatoxins in grain. Upon 
successful evaluation using protocols by 
FGIS, test kits are certified to claim 
"Performance Tested in Accordance 
with Standards Established by FGIS for 
Test Kits to Detect Aflatoxin Residues 
in Grain and Grain Products." More re- 
cently, two deoxynivalenol ELISAs have 
been similarly certified by FGIS. It is 
anticipated that food analysts will be 
assisted by similar evaluation studies 
that focus on mycotoxins of potential 
health and economic significance, such 
as deoxynivalenol, the fumonisins, och- 
ratoxins, and zearalenone. 
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